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I INTRODUCTION 

Thermal and chemical coal -desu l fu r i za t i on  processes designed t o  y i e l d  re f i nab le  
petroleum subs t i t u tes  and s o l i d  f u e l s  f o r  b o i l e r s  reduce the  f u e l ' s  v o l a t i l e  matter 
content. Th is  reduced v o l a t i l i t y  in f luences  combustion c h a r a c t e r i s t i c s  such as 
i g n i t i o n  temperature, flame s t a b i l i t y ,  and carbon burn-out.  

A v a r i e t y  o f  s tud ies  has been conducted on the  ox ida t i on  r e a c t i v i t y  o f  coal  char (1- 
5 ) .  On the bas is  o f  in fo rmat ion  ava i l ab le  f r o m  these studies,  i t  can be concluded tha t  
t he  conditons under which a char i s  prepared in f luences  i t s  r e a c t i v i t y .  Some o f  the 
product ion parameters t h a t  a f f e c t  t he  r e a c t i v i t y  a re  processing gas, heat ing  rate,  
maximum heat t reatment temperature, soak t i m e  a t  peak temperature, and pressure. 
These f a c t o r s  i n f l uence  the  pore s t ruc tu re  and ac t i ve  surface area o f  t he  char as w e l l  
as the  a c c e s s i b i l i t y  o f  a reactant gas t o  the  i n t e r n a l  surface area o f  t he  f u e l  dur ing 
combustion o r  g a s i f i c a t i o n .  Recently i t  has been suggested t h a t  char formation 
cond i t ions  t h a t  r e s u l t  i n  a higher H/C r a t i o  o r  hydrogen content f avo r  r e a c t i v i t y  (6- 
7). 

The work presented i n  t h i s  paper i s  pa r t  o f  a l a r g e r  study which was undertaken t o  
determine combustion cha rac te r i s t i cs  o f  p a r t i a l l y  d e v o l a t i l i z e d  coals.  

EXPERIMENTAL 

Char - Chars, a lso  r e f e r r e d  t o  as p a r t i a l l y  d e v o l a t i l i z e d  (PD) coals, were made f r o m  
a bituminous coal sample obtained from the  I l l i n o i s  Basin Coal Sample Program, sample 
IBCSP-3 (8). The ana lys is  o f  the coal i s  g iven i n  t a b l e  1. 

PD coals were made i n  two ways: i n  a p i l o t - s c a l e  f ixed-bed reac to r  a t  t he  Un i ted  Coal 
Company (UCC) loca ted  i n  B r i s t a l ,  V i rg in ia ,  and i n  a microbalance reac tor .  The UCC 
samples were prepared under m i l d  g a s i f i c a t i o n  cond i t ions  and had v o l a t i l e  m a t t e r  
contents (d ry -bas is )  o f  23.3%, (PD-1), 15.4% (PD-2) and 11.4% (PD-3), see t a b l e  2. The 
d e t a i l s  o f  PD product ion a t  the  UCC are given elsewhere(9). The samples made i n  the 
microbalance reac to r  were produced under the  fo l l ow ing  cond i t ions :  heat ing  rates 
between 5 and 1200'C/min; heat treatment temperatures (HTT) between 400 and 9OO'C; soak 
times a t  maximum treatment temperatures up t o  4 hours. These f u e l s  were prepared under 
n i t rogen  purge and had v o l a t i l e  matter contents between 2 and 30%. 

Reac t i v i t y  measurement - The p a r t i c l e  s i ze  o f  samples was reduced t o  l e s s  than 90 
micrometers p r i o r  t o  r e a c t i v i t y  t es ts .  An Omnitherm Thermogravimetric Analzyer (TGA) 
which was in te r faced  w i t h  an IBM-XT computer through a Ke i th ley  DAS ser ies  500 data 
a c q u i s i t i o n  system was used t o  ob ta in  burning p r o f i l e s  o f  t h e  PD coals.  I n  each 
experiment, a sample mass o f  about 2 mg was loaded i n  the  TGA p la t inum pan and was 
heated a t  a constant heat ing  r a t e  o f  20°C/min i n  a i r  from ambient t o  temperatures up 
t o  800'C. 

RESULTS AND DISCUSSION 

Burninq a r o f i l e  - The term burning p r o f i l e  was f i r s t  used twenty years ago t o  r e f e r  
t o  a p l o t  o f  the  r a t e  o f  weight l oss  versus temperature when a small amount o f  coal-  
der ived f u e l  i s  heated (usua l ly  15-2O0C/min) i n  a i r ( l 0 ) .  Charac te r i s t i c  temperatures 
from the  burn ing  p r o f i l e  corresponding t o  the  onset o f  burning, peak burning r a t e  and 
complete burn-out were taken as a measure o f  a f u e l ' s  r e a c t i v i t y ,  w i t h  lower 
c h a r a c t e r i s t i c  temperatures i nd i ca t i ng  more e a s i l y  burned fue l s .  The t e s t  was used 
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The f l ow  r a t e  o f  a i r  was 200 cc/min (STP). 
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with past experience and standard reference p r o f i l e s  t o  p r e d i c t  condi t ions,  such as 
residence t ime o r  excess a i r ,  necessary f o r  complete combustion o f  f u e l s  i n  la rge  
furnaces. The burn ing  p r o f i l e s  were found espec ia l l y  use fu l  f o r  eva lua t ing  combustion 
cha rac te r i s t i cs  of unknown f u e l s  when on ly  small quan t i t i es  o f  f u e l  were ava i lab le .  

I n  recent years, t he  concept o f  burning p r o f i l e s  has been used i n  coal combustion 
s tud ies  t o  show the  e f f e c t  o f  v a r i a t i o n s  i n  coal  rank on r e a c t i v i t y  (ll), t o  show the 
in f luence of  maceral composi t ion on combustion o f  pu lver ized  coal (11, 12) and t o  
determine the  a c t i v a t i o n  energy f o r  ox ida t ion  o f  char (6, 7, 13). 

Figure 1 shows t y p i c a l  weight l oss  and r a t e  o f  weight l o s s  da ta  obtained i n  a i r  f o r  
coal .  The ga in  i n  sample weight between 200 and 300'C i s  due t o  oxygen chemisorption, 
i.e., p r e i g n i t i o n  ox ida t i on .  A major weight loss  began a t  375'C (TI). This 
temperature was taken a t  the  p o i n t  where the  r a t e  o f  weight l o s s  was l%/min. The ra te  
o f  burning peaked a t  490'C (Tp) and the coal was compeletly burned a t  630'C (T ). The 
burn-out temperature was taken a t  t he  p o i n t  where the  r a t e  o f  weight loss  wasq%/min. 
The weight remaining a t  650'C was the  ash content o f  t he  sample which was approximate- 

Combust ib i l i t v  of  coal  and PD coals - The burning p r o f i l e s  obtained f o r  the  coal, PD- 
1, PD-2, and PD-3 coa ls  are shown i n  f i g u r e  2. The p r o f i l e s  are o f f s e t  t o  avoid 
over lap.  The onset o f  burn ing  was about 375'C f o r  a l l  t he  samples. However, t he re  are 
c l e a r  d i f fe rences  among the  burning p r o f i l e s .  Raw coal  exh ib i t ed  a s ingle-burn 
p r o f i l e ,  wh i l e  double-burn p r o f i l e s  were observed f o r  PD-1, PD-2 and PD-3. The second 
burn appeared as a shoulder peak f o r  PD-1 and became more pronounced f o r  PD-2 and PD- 
3. The double-burn behavior observed f o r  t he  PD coals suggested the  presence o f  a t  
l e a s t  t w o  types o f  combustibles i n  the  fue l s .  The two po r t i ons  o f  combustibles burned 
i n  two d i s t i n c t  stages w i t h  peak burn ra tes  a t  approximately 500'C and 550'C. The 
h igher  r e a c t i v i t y  cons t i t uen t  (low temperature burn) was a coal-1 i k e  mater ia l  and was 
present i n  l a r g e r  concent ra t ion  i n  PD-1 fo l lowed by PO-2 and PD-3 (9). It had burning 
proper t ies  s i m i l a r  t o  t h a t  o f  the coal .  Fuels w i t h  h igher  v o l a t i l e  mat te r  content 
burned more r a p i d l y .  Fo r  example a t  5OO0C, the  amount o f  combustible mater ia ls  burned 
(not shown) was 70% f o r  the raw coal, 55% f o r  PD-1, 40% f o r  PD-2, and 20% f o r  PO-3. 
The most pronounced impact o f  the v o l a t i l e  mat te r  was on burn-out temperatures which 
were 580, 630, 660 and 690'C f o r  the coal, PD-1, PD-2 and PD-3, respec t ive ly .  The 
r e s u l t s  i n d i c a t e  t h a t  under the  cond i t ions  used, raw coal  was the  most r e a d i l y  
combusted f u e l ,  fo l lowed by PD-1, PD-2 and f i n a l l y  PD-3. 

Burning p r o f i l e s  o f  PD-2 and two 15% v o l a t i l e  PD coals are shown i n  f i g u r e  3. LTC 
was produced i n  the  microbalance reac tor  by heat ing t h e  coal  a t  5'C/min t o  525'C. 
CoaltHTC was a mix tu re  o f  coal  and a h igh  temperature char (HTC, 3% v o l a t i l e  matter)  
which was prepared by heat ing  the  coal a t  5'C/min t o  850°C, see t a b l e  2. The p r o f i l e s  
f o r  t he  coal and the  HTC are a lso  shown i n  f i g u r e  4. LTC exh ib i ted  a s i n g l e  burn 
behavior dur ing  burning i n  cont ras t  w i t h  PD-2 and CoaltHTC which exh ib i t ed  double-burn 
behavior. The peak burn r a t e  f o r  the  HTC occured a t  575'C which was 25'C h igher  than 
the  temperature o f  t h e  second burn obsorved f o r  PD-2. This was because the  HTC was 
subjected t o  h igher  processing temperature than PD-2. The burning p r o f i l e  f o r  t he  
CoaltHTC revea ls  t h a t  t h e  two f r a c t i o n  o f  t h i s  fue l ,  i . e .  coal  and the  HTC, burned i n  
two stages w i t h  peak burn  temperatures corresponding t o  those o f  t he  coal  and the  HTC. 
LTC was more r e a c t i v e  than  PD-2 and the  Coal-HTC f u e l  because i t  had a lower burn-out 
temperature. These r e s u l t s  i nd i ca te  t h a t  a f u e l  w i t h  inherent v o l a t i l e  matter i s  more 
reac t i ve  than a fue l  wi th comparable v o l a t i l e  matter prepared by blending raw coal  and 
l o w  v o l a t i l e  char.  Th i s  suggests t h a t  v o l a t i l e  matter alone cannot be used as an index 
o f  r e a c t i v i t y .  

The in f luence o f  v o l a t i l e  matter on c h a r a c t e r i s t i c  temperatures o f  PD coals which were 
made i n  the microbalance reac to r  are shown i n  f i g u r e  4. These f u e l s  exh ib i t ed  a s i n g l e  
burn p r o f i l e  du r ing  combustion. The r e s u l t s  show t h a t  there  were on ly  s l i g h t  
d i f fe rences  i n  c h a r a c t e r i s t i c  temperatures f o r  f ue l s  w i t h  v o l a t i l e  matter contents 
above 10%. However, w i th  f u r t h e r  decreases i n  v o l a t i l e  matter,  burn-out temperatures 

l y  12%. 
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increased markedly. The burn-out temperatures were p a r t i c u l a r l y  sens i t i ve  t o  
preparat ion cond i t ions  o f  a sample. Fuels prepared a t  the  f a s t e s t  heat ing  ra te ,  i . e .  
1200'C/min, and shor te r  soak t imes were more r e a c t i v e  and had lower burn-out 
temperatures than those made a t  slower heat ing  ra tes  and longer  soak times. These 
observations are  i n  agreement w i t h  r e s u l t s  repor ted  i n  a previous study on the 
r e a c t i v i t y  o f  PD coals der ived  from an I l l i n o i s  hvB coal (1). The values o f  T f o r  
PD coals prepared a t  UCC are also shown i n  f i g u r e  4. It i s  c l e a r l y  seen t h a t  &hese 
samples had h igher  burn-out temperatures than those prepared i n  t h e  microbalance 
reac tor  under con t ro l l ed  py ro l ys i s  cond i t ions .  The UCC samples were produced i n  a 
p i l o t - s c a l e  reac to r  and were subjected t o  d i f f e r e n t  processing cond i t i ons  than the  PD 
coals made i n  the  microbalance reac tor .  

CONCLUSIONS 

Results obtained i n  t h i s  study suggest t h a t  PD coa ls  w i t h  comparable v o l a t i l e  matter 
content produced from the same coa l  bu t  under d i f f e r e n t  processing cond i t ions  had 
d i f f e r e n t  burning cha rac te r i s t i cs .  Lower p repara t ion  temperatures, h igher  heat ing 
ra tes  and sho r te r  soak times a t  f i n a l  py ro l ys i s  temperatures favored r e a c t i v i t y .  PD 
coals w i t h  inherent  v o l a t i l e  matter were more reac t i ve  than f u e l s  w i t h  comparable 
v o l a t i l e  mat te r  prepared by blending low v o l a t i l e  char and the  coal .  It was also 
concluded t h a t  v o l a t i l e  mat te r  alone may no t  be a v a l i d  index o f  r e a c t i v i t y .  
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Table 1. Ana lys is  o f  coal ,  w t %  (moisture-free basis)  
~~ 

Coals IBCSP-3 

Seam No. 5 l  
Rank HVBB 
Mois tu re  5.4 
V o l a t i l e  mat te r  39.2 
Fixed carbon 52.4 
Ash 8.4 

Carbon 
Hydrogen 
N i t rogen 
Oxygen 
S u l f u r  
Ch lor ine  

73.8 
4.9 
1.7 

2.3 
0.2 

8.7 

Heat ing value 13,437 
(Btu/ lb)  

Predominantly S p r i n g f i e l d  (No. 5). Approximately 
20% H e r r i n  (No. 6) blended a t  washing p lan t .  

Table 2. V o l a t i l e  Ma t te r  Content o f  PD Coals and The i r  Preparat ion Condit ions 

Reactor Temperature Residence V o l a t i l e  
Sample Type ('C) Time (h r )  Matter (%) 

* 
PO- 1 Fixed Bed 760, 
PD-2 Fixed Bed 760, 
PD-3 F ixed Bed 760 
LTC Microbalance 525 
HTC Microbalance 850 
Coal tHTC 

1.7 23.3 
2.5 15.4 
3.2 11.4 
- - -  15.0 
0.5 3.0 

17.0 

*Reactor tube (8 - inch  i n  diameter) was loca ted  i n  a na tu ra l  gas f i r e d  furnace kept  a t  
760'C. 
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Figure 1. Burning c h a r a c t e r i s t i c  o f  coal .  
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Figure 2. Burning p r o f i l e s  f o r  coal and UCC PD coals 
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